The author compares the performance, growth, asset mix, risk, operational efficiency, profitability and capital holdings of the 20 largest banks in Japan, the U.S. and Europe from [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015]. Total revenue for each set of banks has declined by a full 20% since 2011. European banks are in a multiyear downward spiral, evidenced by dramatic declines in market capitalization, the book value of loans and total assets, and the level of deposits. Japanese bank performance is stagnant compared to Europe and the U.S. Both Japanese and European banks are particularly challenged by persistently lower net interest margins compared to U.S. banks.The percentage of impaired, restructured or nonperforming loans soared for U.S. and European banks post-crisis, but barely rose in Japan. All banks hold more Tier 1 capital than required by the Basel III accord, which has led to profound declines in their net profit margins and return on equity. Modeling the conditional volatility of U.S., Japanese and European banks provides evidence consistent with the idea that U.S. banks continue to exhibit a more robust post-crisis recovery, while Japanese and European banks continue to experience crisis-level conditions. Any evidence that Japanese and European banks have recovered from the financial crisis is fragile at best.
Introduction
While U.S. banks' revenue growth, profitability and levels of balance sheet capital recovered promptly from the financial crisis of [2008] [2009] (Weigand, 2013) , Weigand (2015) finds that European banks continue lagging in all three categories. Factors contributing to European banks' more precarious position include the persistent economic disparity between stronger and weaker Eurozone countries and the European Central Bank's painfully slow efforts to reduce exposure to systemic risk, compared with countries such as the U.S. and the U.K. (Avadi, Arbak and de Groen, 2012). As pointed out by Gerken et al. (2013, p. 1) ,"… despite some apparent short-term relief … the long-term picture remains both complex and uncertain." Other studies have questioned the very solvency of Eurozone banks (Acharya and Steffen, 2014) , as potentially destabilizing developments have erupted in countries such as Portugal (Banco Espirito Santo has sought protection from its creditors), Austria, and even Germany, the Eurozone's undisputed economic leader. For example, Deutsche Bank was cited by the New York Federal Reserve Bank in 2014 as suffering from numerous problems, including "shoddy reporting and inadequate auditing and oversight" and "misstated regulatory reports" which constitute a "systemic breakdown that exposes the firm to significant operational risk" (Enrich, Strasburg and Henning, 2014, p. 1). Moreover, events such as these continue to spawn unprecedented reactions that will have long-lasting implications, such as the recent legal decision that allows European countries to shift risk to depositors by reneging on deposit insurance if another systemic crisis occurs (Coppela, 2014) . The need to obtain advance permission for such drastic remedies creates uncertainty over whether Europe is more focused on restoring the financial health of its banking sector or making preparations to cope with another looming crisis.
The financial condition of U.S. commercial banks contrasts sharply with that of their European counterparts. By the end of 2012, 15 of the 20 largest commercial banks in the U.S. posted recordsetting revenues, with 12 of these banks also earning record profits (Weigand, 2013) . The financial performance of these banks has convinced many that they are ready to compete in a free market environment once again and require no further regulatory support. Accordingly, the U.S. Federal Reserve confirmed in the minutes of its July 2014 meeting that it will continue tapering its controversial quantitative easing program, which was terminated in October, 2014.
Japanese and European banks during the 2014-2015 period, but all three sets of banks underperformed their regional stock indexes from 2014-2015. Large banks in Japan, the U.S. and Europe continue to struggle to grow their total revenue post-crisis. Total revenue has declined by a full 20% for all three sets of banks since 2011. The 20 largest banks in Europe are in a multiyear downward spiral, evidenced by dramatic declines in market capitalization, the book value of loans and total assets, and the level of deposits. Japanese bank performance is stagnant compared to Europe and the U.S. Both Japanese and European banks are particularly challenged by persistently lower net interest margins compared to U.S. banks. Japanese and U.S. banks prefer deposits as a source of funding compared with European banks, most likely because these banks pay an average rate on deposits that is significantly lower than European banks. U.S. banks' also have an earning asset yield (EAY) that is 1.5% higher than European banks and 2.4% higher than Japanese banks since 2011. Japanese, U.S. and European banks' loans/assets ratio has averaged between 46%-48% since 2009, but European banks hold a significantly higher percentage of investment and trading assets and derivative securities compared with Japanese and U.S. banks.
The mean percentage of impaired, restructured or nonperforming loans soared for U.S. and European banks post-crisis, but barely rose in Japan. While this ratio gradually declined to 4.9% for U.S. banks by 2015, European banks continue to carry an average of 12.3% of impaired loans in their portfolios, which is approximately 3 times their precrisis average. Despite elevated levels of impaired loans, U.S. and European banks set aside a smaller percentage of assets on their balance sheets to cover likely loan losses, and expense a smaller percentage of impaired loans on their income statements compared to pre-crisis practices. Japanese, U.S. and European banks all hold more Tier 1 capital than required by the Basel III accord, although moving risky derivative positions back onto bank balance sheets in the U.S. would change these results significantly, and most likely leave U.S. banks undercapitalized.
All banks experienced profound declines in their net profit margins and return on equity during the financial crisis. Although all banks' net margins have rebounded post-crisis (between 18.8%-25.8%), but remain well below their pre-crisis levels. Banks' ROE shows less of a recovery post-crisis, as banks have been required to hold more shareholder equity to boost Tier 1 capital. U.S. and European banks' efficiency ratios (non-interest expense/revenue) have risen substantially post-crisis, most likely as a result of increases in regulatory requirements, while Japanese banks have achieved remarkable improvements in operating efficiency. Higher operating expenses have hampered profit generation for U.S. and European banks. U.S. banks pay a higher effective tax rate than European banks, although both sets of banks are paying lower rates since 2009. Japanese banks have paid the highest effective tax rates since 2010, averaging 31.5%. European banks have higher dividend payout ratios than Japanese and U.S. banks and higher dividend yields, despite their lower profitability.
Modeling the conditional volatility of U.S., Japanese and European banks provides evidence consistent with the idea that U.S. banks continue to exhibit a more robust post-crisis recovery, while Japanese and European banks continue to experience crisis-level conditions. Any evidence that Japanese and European banks have recovered from the financial crisis is fragile at best. This paper is organized as follows. The next section reviews the relevant literature, after which the data and empirical design are described. Empirical results follow in the next two sections, and the final section presents the paper's conclusions.
1. Motivation and relevant literature
The academic literature conclusively determines that larger banks enjoy a competitive advantage, which explains why the banks featured in this study are often viewed as industry bellwethers. Filbeck et al. (2011) find that size plays a significant role in a bank's ability to outperform the S&P 500, particularly during an economic contraction. Filson and Olfati (2014) investigate banks that merge with or acquire other banks, as permitted under the Financial Services Modernization Act of 1999. These authors find that merger activity that leads to diversification into investment banking, securities brokerage and insurance activities creates value for bank shareholders.
It is also the case that changes in the regulatory environment are mainly focused on the largest banks, as they contribute disproportionately to systemic risk. The Dodd-Frank Act designates bank holding companies with $50 billion or more in consolidated assets as systemically significant (17 of the 20 U.S. banks and all 20 of the European banks in the sample meet this criterion, shown in Table 1 ). Accordingly, Dodd-Frank requires large financial firms to significantly increase their balance sheet capital, which can hamper banks' efforts to maximize profits (Price, Waterhouse, Coopers, 2010) . Dodd-Frank also prohibits any mergers or acquisitions that result in a new entity whose consolidated liabilities exceed 10% of the aggregate liabilities of all financial companies (Murphy, 2010) . The new capital requirements and merger restrictions are based on the risk these banks pose to the stability of the U.S. financial system, which is determined mainly as a function of their size.
The Basel III Accord imposes even more harsher restrictions on systemically important banks, requiring them to use more of their own capital in their operations (Basel Committee on Banking Supervision, 2010). These higher capital requirements are targeted at reducing both exposure to contagion and excessive risk-taking. Jackson et al (1999) , Santos (2001) , Stolz (2002) , and VanHoose (2006, 2007) find that higher capital standards lead to higher capital ratios, and also act as constraints that are likely to reduce total lending. Accordingly, banks' balance sheets reflect this substitution of alternative assets for loans. The shift to alternative assets is also being driven by global private sector deleveraging, which has further reduced the rate of loan growth (Keen, 2009 ).
The larger banks in both the U.S. and Europe are usually referred to as "Too Big to Fail" (TBTF) due to their systemic importance. Demirguc-Kunt and Huizinga (2010) find that the TBTF banks are more costly to bail out, and many believe that these banks exploit the moral hazard problem of regulators being too quick to rush to their aid when they assume more risk than they can manage. For example, European banks have invested hundreds of billions of Euros in the long-dated sovereign bonds of other European nations. Known as the "carry trade", these investments are designed to profit from the spread between the low-cost short-term funding supported by the zero interest rate polices of the world's major central banks and the higher yields of the bonds of economically-troubled nations such as Greece, Ireland, Portugal, Spain and Italy. The carry trade is essentially a bet that Eurozone countries will converge economically, resulting in a narrowing of the spread as the yields of sovereign bonds fall. The long-awaited economic convergence has not materialized, however, and as the spreads have widened further, European banks have actually increased their holdings of these risky positions (Acharya and Steffan, 2014) . This massive carry trade exposure has most likely led to an increase in systemic risk, as it is essentially a network of overleveraged nations holding each other's bonds backed by nothing more than verbal assurance that they will not default. Correa, Lee, Sapriza and Suarez (2014) investigate this issue and confirm that the key factor allowing banks to maintain and expand exposure to these risky positions are the implied government guarantees backing these bonds.
Buttiglione, Lane, Reichlin and Reinhart (2014) study how the dynamics of debt accumulation influences macroeconomic conditions, essentially extending the "financial instability hypothesis" originally described by Fisher (1933) and further developed by Minsky (1977) . The essence of their argument is that high debt levels increase vulnerability to the risk of a financial crisis (Gourinchas and Obstfeld, 2012; and Catão and Milesi-Ferretti, 2013) . Deleveraging during the late stage of an economic contraction and the early phase of the ensuing economic recovery, therefore, contributes to macroeconomic stability. Buttiglione et al. (2014, pp. 1-2) reach several disturbing conclusions, however: "… the world has not begun to delever and the global debt-to-GDP ratio is still growing" and "… the global capacity to take on [additional] debt has been reduced through the combination of slower expansion in real output and lower inflation". Writing for the Center for European Policy Studies, Ayadi, Arbak and de Groen (2012) reach similar conclusions, finding that EU banks remain undercapitalized and excessively reliant on an unstable funding model, large derivative positions, and additional concentration among large banks that has decreased competition and increased systemic risk.
Baron and Xong (2014) also document an inverse relation between excessive debt accumulation and financial stability. These authors find that rapid credit expansion is supported by over-optimism that causes investors to underprice "crash risk" in global equity markets. Their conclusions are consistent with the idea that the zero interest rate and quantitative easing policies of world central banks fuel instability via "financial repression," which causes investors to chase risk and bid up the prices of riskier assets, thus reducing their future expected returns and compressing risk premia, with the risk of a stock market crash being one of the primary risks that is less than fully priced.
Schildback, Wenzel and Speyer (2013, p. 1) describe the growth in revenues, profits and loans of banks in the U.S. and Europe as "an ocean apart". These authors specifically cite the U.S. Federal Reserve's faster regulatory response to the crisis and more aggressive intervention as factors promoting the superior recovery of U.S. banks. They describe the European banking regulatory framework as "patchwork" vs. that of the U.S., with these weaker regulations allowing Eurozone banks to write down only $500 million of loans, while U.S. banks' total writedowns have already exceeded $1 trillion. Schildback et al conclude that the lack of profitability of Eurozone banks is unsustainable, and that these banks are not yet close to earning their cost of capital. These factors have had a profoundly negative impact on the European economy because the role of banks in providing credit to the private and public sectors is more important in Europe, as the shadow banking system in the U.S. has provided an alternative source of credit vs. the traditional banking sector since the 1990s. These authors conclude that the U.S. is fundamentally different from Europe due to factors such as: an aggressive central bank with a much broader mandate than the ECB; the U.S. Dollar is the global currency standard vs. the Euro; world financial markets doubt the solvency of some European governments compared with the U.S. government; the U.S. has a more flexible labor market; and the U.S. economy is less dependent on weaker trading partners. The identity of the banks in the sample and descriptive statistics are presented as Tables 1, 2 and 3. The median market capitalization of the U.S. banks is $14.8 billion; they hold median total assets of over $134 billion, median total deposits of over $99 billion, and median total loans of over $89 billion. The greater concentration of banking activity in larger banks in Europe, which is often cited as the primary hurdle to reducing systemic risk, is reflected in their descriptive statistics. The median market capitalization of the European banks is twice as large at $28.4 billion; they hold median assets of $771 billion, median total deposits of $369 billion and median total loans of $379 billion, which are 5.7, 3.7, and 4.2 times as large as the respective medians for the sample of U.S. banks. Japan's descriptive statistics (Table 3) show an even greater concentration of banking activity. The three largest banks, Mitsubishi, Sumitomo and Mizuho, account for 67% of the total loans of Japan's largest 20 banks and 70% of total deposits, which implies an even greater potential for transmission of systemic risk shocks within the Japanese banking system. The main theme of this analysis is illustrated by the results presented in the lower panels of Tables 1, 2 and 3. Growth in the mean, median, maximum and minimum values for market capitalization, assets, deposits and loans from 2013-2015 is shown for each sample. With the exception of the maximum market capitalization and minimum total loans, all descriptive statistic values for U.S. banks are significantly larger in each category since 2013. The comparison with European banks is striking. The lower panel of Table 2 shows that European banks have lower values in each category since 2013, with the exception of the minimum market capitalization, deposits and loans. European banks' maximum market capitalization has declined by 58% in 2 years, along with their maximum assets ( 20%), maximum deposits ( 6.5%) and maximum loans 47%). Median values for all descriptive statistics are 23%-46% lower since 2013. Although the results below will show that both sets of banks face challenges in terms of future growth, Table 2 illustrates the extent to which European banks' growth problems are more severe, especially in light of the languishing problems with the quality of their loan portfolios compared with U.S. banks. Table 3 shows that Japan has remained stagnant compared to the U.S. and Europe since 2013, although average total loans have decreased by 14%, and the mean and maximum market capitalization of the sample of Japanese banks have declined by 28% and 27%, respectively. Figure 1 depicts the monthly compound stock returns for the sample of U.S., European and Japanese banks beginning in March 2011 and ending in September 2016. U.S. banks' total return of 45% far exceeds the 10% return for Japanese banks and the 22% mean return for European banks, although it is important to note that all three bank stock indexes underperformed their home country or regional stock indexes over the same period. These results are consistent with the idea that investors have a less favorable view of the future prospects of the global banking sector than other sectors. In particular, the lower returns of the Euronext 100 and the European banks correspond to the continent's weaker economic conditions, as the Eurozone has been in danger of entering its third recession in 8 years as of late 2016. It is interesting to note the change in investors' attitudes regarding the banking sectors in both the U.S. and Europe since 2013. Weigand (2015) reports that for the 5-year period ending in December 2013, the stock returns of the major commercial banks in the U.S. and Europe significantly outperformed their regional stock indexes, suggesting that each region's financial sector was viewed more favorably by equity investors compared with other sectors just 2 years ago. The relatively low stock returns of the 20 largest banks in each region indicate that investors' attitudes regarding bank stocks have deteriorated significantly since 2013. Table 4 depict the cumulative growth in total revenues before loan losses for the three sets of banks from [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . The large number of arranged mergers between weaker and stronger U.S. banks immediately following the financial crisis in 2009 makes it difficult to compare organic revenue growth among Japan, Europe and the U.S., but several conclusions are unmistakable nonetheless. Japan's long period of stagnation is once again evident, with total revenue growth over the 12-year period of less than 20%. For both U.S. and European banks, growth in total revenue peaked in 2011, and has trended lower for the next 4 years. Interestingly, for all three bank indexes, total revenue in 2015 is 20% lower than in 2011. The multiyear decline in total revenue confirms investors' concerns regarding these banks' future prospects as both companies and investments. Post-financial crisis, banking activities in developed regions such as Japan, the U.S. and Europe have been in a protracted decline. Next I examine the traditional sources of revenue for the three sets of banks. Table 4 shows that U.S. banks' mean NIM has trended lower since 2010, while European banks' mean NIM has trended slightly higher. These differential trends do not tell the full story, however. U.S. banks' NIM has averaged between 2.7%-3.8% since 2003, so their 2015 NIM of 2.7% is merely at the low end of their normal range over the past 12 years. European banks' NIM has averaged between 1.1%-2.0% over the same period, with their 2015 value of 1.3% also representing the low end of their historical range. The impact of these NIMs on the each set of banks' profit potential (examined in greater detail in Table  7 below) is profoundly important, as illustrated by the following calculation. Table 3 shows that 55.0% of U.S. banks' total revenue of $405.9 billion in 2015 was generated by interest from various lending activities, which equates to $10.96 billion of gross profit (calculated as revenue of $405.9 billion × a mean NIM of 2.7%). European banks' generated a remarkably similar total revenue of $431.6 billion in 2015, which equates to only $5.6 billion of gross profit, however (calculated as total revenue of $431.6 billion × a mean NIM of 1.3%). Therefore, despite having almost twice the dollar value of total loans outstanding (see Tables 1 and 2 ), European banks generate substantially lower revenues on their lending portfolios compared with U.S. banks. This accounts for much of the superior long-term revenue growth of U.S. banks reported in Figure 2 and Table  3 . Japan's mean NIM is remarkably lower than both that of U.S. and Europe. The mean NIM of the sample of Japanese banks has never exceeded 1.0% over the past 12 years, which accounts for much of the stagnation in their revenue growth. Figure 3 depicts key benchmark interest rates in Japan, the U.S. and Europe from October 2011 through mid-October of 2016 (the yields on a 10-year Japanese government bond, 10-year U.S. Treasury note and a 10-year Eurozone government bond, respectively). The difference in the levels and trends of these key interest rates helps to explain why European banks' mean NIM is less than half as large as the mean NIM of U.S. banks. Until the onset of the financial crisis in the fall of 2007, the yield on these instruments was virtually identical, as would be expected in fully globalized financial markets. Beginning in 2008, however, as the U.S. Federal Reserve and European Central Bank (ECB) began reducing key short-term interest rates (which eventually evolved into their bond-buying Quantitative Easing programs), the yield on the 10-year Eurobond has tracked profoundly lower than the yield on a 10-year Treasury note, with a yield spread difference occasionally approaching 250 basis points. These unnaturally low interest rates severely constrain European banks' ability to charge interest rates on loans that would allow them to earn profits that make them legitimate global competitors to U.S. banks.
D Data and descriptive statistics

3. Stock returns and revenue sources
The Bank of Japan (BOJ) has implemented similar low interest rate policies for a considerably longer period of time, thus their benchmark interest rates have been substantially lower than either the U.S. or Europe until recently. Moreover, notice how the Japanese and European yields have been pushed into negative territory by the overly-aggressive Quantitative Easing policies of the JOB and ECB. How banks are expected to generate revenues and earn profits when benchmark interest rates are forced below zero by central bank bureaucrats remains a key question that continues to go unanswered at the time of this writing.
Summarizing the results of this section, I find that:
The stocks of U.S. commercial banks, which earned higher returns than European banks from 2009-2013 (Weigand, 2015) In this section, I examine the major asset categories and liability exposure of Japanese, U.S. and European banks with the purpose of assessing the strength of banks' balance sheets pre-and postfinancial crisis. Table 5 depicts banks' major funding source, deposits, relative to total assets from 2003-2015. From 2003-2010, U.S. banks' deposits/assets ratio was stable in a range between 51%-55%, after which the ratio begins increasing, reaching a high of 63% in 2015. U.S. banks are clearly relying more heavily on deposits as a source of capital in the post-financial crisis period. Japanese banks' deposits to assets ratio ranges from 68%-71% over the same period. European banks' mean deposits/assets ratio displays a similar trend in the post-crisis years, rising from 42% in 2010 to 47% by 2015. Japanese and U.S. banks rely more heavily on deposits as a funding source than European banks. Table 5 . Bank Deposits, Interest Paid on Deposits, and Charges and Fees on Deposits Table 5 also shows the mean ratio of total interest paid on deposits relative to all interest-bearing deposits. This ratio peaked for all banks in 2006-2007, reaching a high of 6.6% for U.S. banks vs. 12.3% for European banks. Japanese banks' interest on deposits never rises above 1% for the past 12 years. Starting in 2008 and continuing through 2015, the ratio of interest on deposits to total deposits trends lower for all banks, but Japanese and U.S. banks enjoy a distinct advantage in this area compared with their European counterparts. Postcrisis, Japanese and U.S. banks have paid rates on deposits that average 5.7% and 3.6% less than banks in Europe, respectively. These results help explain why Japanese and U.S banks prefer deposits to other funding sources. The BOJ and U.S. Federal Reserve (FED) have provided support for banks in Japan and the U.S. by maintaining their zero interest rate policies (ZIRP), which has encouraged these banks to increase their use of deposit-based funding while simultaneously lowering their overall cost of capital. The lower interest rates on deposits paid by U.S. banks has undoubtedly helped them achieve the consistently higher net interest margin reported in Table 4 . It is difficult to reconcile this finding with the data reported in Figure 3 , however, which shows that market interest rates in Europe are substantially lower than similar rates in the U.S. Lower interest rates on European bonds would be expected to correspond to lower, rather than higher, deposit rates. Another puzzle is why Japanese savers are willing to hold deposits at such low yields. Table 5 also reports the mean earning asset yield for the banks, calculated as interest income relative to total interest earning assets. Once again, U.S. banks enjoy a distinct advantage. Over the entire period 2003-2015, U.S. banks' earning asset yield has averaged 2.2% higher than European banks and 3.5% higher than Japanese banks. The combination of a higher net interest margin and earning asset yield and lower average rates paid on deposits contribute to U.S. banks' superior stock price performance and long-term revenue growth. Table 6 .Composition of Bank Assets and Expected Default Frequency I, next, examine the major asset categories for the three sets of banks. Table 6 shows banks' mean ratio of net loans/total assets from 2003-2015. U.S. banks' have held a consistent percentage of total assets in the form of loans following the financial crisis, between 46%-47% since 2009. European banks' loan to assets ratio has remained in a similar range as well. The loan/assets ratio for Japanese banks has declined steadily over the same period, from 54% to under 46%. Table 6 also shows the annual mean ratio of investment and trading assets to total assets for the three sets of banks. The last year in which U.S. and European banks' levels of investment and trading assets was similar was 2003, with values of 25% and 27%, respectively. U.S. and Japanese banks' investments in securities and trading assets trended lower leading into the financial crisis years, a period during which European banks were increasing their levels of these assets. European banks' ratio of investment and trading assets to total assets has risen above 40% in several years, both pre-and postcrisis, while U.S. banks have never held more than 30% of their total assets in the form of investment securities or trading assets. As banks in Europe have found it difficult to grow their loan portfolios and earn sufficiently large NIMs on lending activity ( Figure 2 and Table 3 ), they have substituted a greater percentage of investment securities and trading assets as a source of revenue. These findings are consistent with the predictions of researchers such as Van Hoose (2006 , 2007 and Keen (2009) regarding banks holding more alternative assets and fewer loans. Despite earning the lowest NIMs and EAYs, Japanese banks have continued reducing their relative levels of securities and trading assets. banks averaged 0.5% in this category, Japanese banks averaged 1.3%, and European banks averaged 5.6%. European banks' use of derivatives climbed steadily from 1.7% to 9.7% by 2007. Post-financial crisis, the difference among banks' exposure to derivatives has increased substantially. European banks have held an average of 15.7% of their assets in the form of derivative securities from 2010-2015, while U.S. banks' use of derivatives has averaged only 2.3% of total assets, and Japan's only 1.5%. In the case of Europe, these findings are consistent with predictions that revenue-constrained banks will move away from traditional assets such as loans and pursue higher-risk, higher-expected return investments such as trading securities and derivatives. Why Japanese banks are not pursuing similar strategies remains a puzzle.
The final metric shown in Table 6 is the ratio of a bank's market capitalization to total debt plus capital leases. This ratio is the most heavilyweighted component of Moody's (2011) Expected Default Frequency (EDF ™ ) calculation. In general, the higher the ratio of value to debt, the lower the probability of default. The deteriorating financial position of European vs. U.S. banks in the precrisis period is evident. European banks' value/debt ratio displays a long-term decline to 12.8% in 2008, and rises moderately back to 35% by 2013. The ratio has trended lower in the following 2 years, all the way back down to 25% by 2015. As much as any other metric, the mean value/debt ratio depicts European banks' precarious slide closer to insolvency, as these banks owe almost 4 times more to creditors than the market value of their stock. U.S. banks have maintained a far higher value of this ratio, between 80%-85% from 2013-2015, indicating a much lower probability of default. The ratio suggests a complete return to financial health for U.S. banks, and offers little reason for continued coddling by the banker-centric U.S. Federal Reserve. Japanese banks look surprisingly strong based on this metric, with market capitalizations almost five times greater than the book value of their debt and capital leases. Table 7 shows the average percentage of banks' loans that are classified as impaired, restructured or nonperforming relative to total net loans. Considered together with the results presented in Table 6 , the findings that follow continue to cast doubt on European banks' ability to fully recover from the financial crisis. Pre-financial crisis, U.S. banks' impaired, restructured or nonperforming loans averaged between 0.7%-2.0% of all loans. European banks ran consistently higher levels, ranging from 2.8%-4.4%. U.S. banks saw a significant increase in their impaired loans following the financial crisis, which have consistently averaged approximately 7% of U.S. banks' total loans since 2010 (more than 3 times their pre-crisis levels). European banks show an even more dramatic increase in impaired loans, jumping to 8% of all loans in 2009 and rising to a high of 18% by 2013. Since 2010, European banks' ratio of impaired loans has averaged 13.6%, almost twice as large as the average for U.S. banks. While the quality of U.S. banks' loan portfolios remains compromised post-crisis, Europe's loan portfolio quality has failed to show any sign of meaningful recovery. As of year-end 2015, U.S. banks have managed to reduce the percentage of impaired loans in their portfolios to 4.9%, while European banks are averaging 12.3% in this category. While Japanese banks look surprisingly healthy based on this metric as well, this is actually an artifact of the unusually low interest rates prevailing in Japan, which allow for impaired loans to be refinanced at near-zero interest rates, which keeps them from falling into the nonperforming category. Table 7 also shows banks' mean ratios of both allowances and provisions for loan losses relative to total loans from 2003-2015. Loan loss provisions are transferred out of the allowance for loan losses account on the balance sheet and expensed against bank profits at the discretion of the financial manager, usually in anticipation of loan defaults. Pre-financial crisis, U.S. banks maintained allowances for loan losses that were 2-3 times larger than the impaired loans on their balance sheets. Post-crisis, U.S. banks allowances for loan losses have averaged only 45% of their impaired loans. These values are not consistent with banks being fully prepared to account for future loan nonperformance, and do not constitute a firm foundation on which their loan portfolios can be expanded in the future.
The trend in the allowances for loan losses ratio for European banks is even more disturbing. The allowance account represents the "rainy day" fund banks establish on the balance sheet in case these funds must be transferred to the income statement in the event of loan defaults. Pre-crisis, European banks set aside between 71%-127% of their impaired loans for possible future write-downs. Post-crisis, European banks are recognizing an average of 24% of their troubled loans on their balance sheets. The refusal to effectively address these problems, on the parts of both the banks and their regulatory bodies, could hardly be clearer. Japan's allowances of 46.7% might appear admirable, but in light of their unusually low levels of impaired or nonperforming loans, this ratio is not reassuring. Table 7 Table 7 is that since 2010 banks' allowance accounts relative to impaired loans have been maintained at significantly lower levels than they were pre-crisis. Even though their balance sheets remain ridden with impaired loans, they are setting aside fewer resources to deal with potential loan losses, and expensing a lower percentage of impaired loans each year, which allows them to report substantially higher profits. These practices have undoubtedly arisen to mask the deteriorating revenue growth reported above. Table 7 also shows the ratio of Tier 1 capital to total assets for the three sets of banks. The Collins Amendment to the Dodd-Frank act requires U.S. banks to significantly increase balance sheet capital, particularly Tier 1 capital holdings, and Basel III has similar provisions. Holding more capital contributes to two opposing effects, however, thus the overall effect of a higher capital ratio is ambiguous (Keeley, 1990 , Demsetz et al., 1996 and Hellman et al., 2000) . Higher capital ratios discipline banks' risk-taking, as using more of their own capital exposes banks to greater risk. Holding more capital may also decrease stability, however, because it is costly to banks. Future profits may, therefore, be lower, resulting in banks being forced to increase their risk exposure to grow profits. Recent bank crises have increased regulator and shareholder awareness of the importance of adequate capital buffers, with many banks maintaining levels of capital greater than the regulatory minimum as a cushion against the adverse financial consequences of unexpected changes in asset prices. Banks therefore have an incentive to hold excess capital to avoid the costs associated with supervisory action if they approach or fall below the regulatory minimum capital ratio (Marcus, 1984 and Furfine, 2001 ). Banks may also maintain excess capital as a signal of stability to the market and to satisfy regulators and rating agencies (Jackson et al., 1999 and Shim, 2013) . Unfortunately, the numerous Eurozone "stress tests" of banks' capital adequacy employ constantly-shifting capital targets to make stress test results appear better than they otherwise would (Riecher and Black, 2014) .
The results reported in Table 7 shows that banks' mean Tier 1 ratios have risen steadily following the financial crisis, with European banks finally exceeding the percentage of Tier 1 capital held by U.S. banks in 2013. With ratios of 15% and 18%, respectively, both sets of banks appear to be well above the Basel III regulatory minimum of 4%. Japanese banks have also consistently held Tier 1 capital greater than 10% of total assets post-financial crisis.
Japanese banks consistently run the highest levels of deposits to assets, occasionally exceeding 70%. Japanese and U.S. banks prefer deposits as a source of funding compared with European banks. U.S. banks' deposits/assets ratio reached a post-crisis high of 63% in 2015, while European banks funded less than 47% of their assets via deposits in 2015. Japanese banks pay far lower rates on deposits vs. U.S. and European banks, although European banks' deposit rates are unnaturally high compared with regional interest rates. Postcrisis, U.S. banks have paid an average rate on deposits that is 3.2% lower than European banks, which helps explain their preference for deposits as a source of funding. U.S. banks' earning asset yield (EAY) is significantly higher than their Japanese and European counterparts. Over the entire 2003-2015 period, U.S. banks EAY averaged 2.2% higher than European banks and 3.5% higher than Japanese banks, but has fallen to an average of only 1.5% and 2.4% higher, respectively, since 2011. Japanese, U.S. and European banks hold similar percentages of loans on their balance sheets, with loans/assets ratios averaging between 46%-48% since 2009. European banks hold a significantly higher percentage of investment and trading assets compared to Japanese and U.S. banks, averaging over 40% of total assets, both pre-and post-crisis. Since 2003, U.S. banks have never held more than 30% of their assets in the form of investment and trading securities. European banks also hold substantially higher levels of derivative securities on their balance sheets. The mean percentage of impaired, restructured or nonperforming loans soared for U.S. and European banks post-crisis, but barely rose in Japan. The ratio gradually declined to 4.9% for U.S. banks by 2015, which is still more than twice their pre-crisis levels. This ratio remains significantly higher for European banks, which continue to carry an average of 12.3% of impaired loans in their portfolios. This is approximately 3 times their precrisis average. Japanese banks' impaired loan ratio has returned to its pre-crisis level.
Despite elevated levels of impaired loans postcrisis, U.S. and European banks set aside a smaller percentage of assets on their balance sheets to cover likely loan losses, and expense a smaller percentage of impaired loans on their income statements compared to pre-crisis practices. Japanese banks' allowances and provisions for loan losses show no reaction to the financial crisis, which is not a sign of financial health, but rather the ability to roll over nonperforming loans at near-zero interest rates. All sets of banks hold more Tier 1 capital than required by the Basel III accord, although moving risky derivative positions back onto bank balance sheets in the U.S. would change these results significantly, and leave U.S. banks undercapitalized. Table 8 shows the mean annual net profit margin for the three sets of banks. In the pre-crisis period European banks' profit margin rose steadily until peaking at 31.2% in 2007, while U.S. banks' net margin peaked in 2006 at 28%. Net margin for both sets of banks plummeted during the financial crisis and took years to recover. U.S. banks' profit margin has trended steadily higher since 2008, rebounding from a low of 2.1% all the way to 25.8% in 2015. European banks' mean profit margin initially rebounded, then trended back down to a post-crisis low of 9.3% in 2013, but has gained ground in the past 2 years and achieved a post-crisis high of 18.8% in 2015. The difference between U.S. and European banks' ability to generate profits helps to explain U.S. banks' superior stock returns since 2011. Japanese banks' post-crisis net margin has averaged 20.6% despite being mired in a slow-growth, low-interest rate environment. Table 8 . Banks' mean efficiency ratio, calculated as total noninterest expense divided by total revenue, is also shown in Table 8 . This ratio is often used as a measure of banks' operational efficiency. Japanese, U.S. and European banks all saw increases in this ratio postcrisis. As of 2015 European and U.S. banks have virtually identical efficiency ratios, with values of 59% and 57%, respectively, but Japan has posted inexplicably low efficiency ratios in 2014 and 2015. The increases in operating costs for U.S. and European banks most likely reflect their efforts to adapt to the new regulatory frameworks imposed on them postcrisis. Table 8 also shows banks' mean effective tax rate from 2003-2015. U.S. and European banks are paying lower average tax rates post-crisis, while Japanese banks are paying higher rates, averaging 31.5% since 2010. Despite higher revenues and profits, U.S. banks have paid an average post-crisis tax rate of only 26.3%, which represents another perk for their bottom lines, as they have been allowed to book more of their revenue as profit due to lower tax rates. Table 9 . Payout Ratios and Yields Based on Dividends and Dividends Plus Stock Repurchases Table 9 shows bank' payout ratios, which I have calculated in an unorthodox manner due to extremely volatile bank profits around the financial crisis. In the exhibits that follow I express banks' dividends and share repurchase relative to total revenue rather than net income to avoid examining an overly noisy data series. Bank dividends relative to revenues were in a rising trend for all banks precrisis, reaching highs of 12.2% for U.S. banks and 15.3% for European banks in 2007, but only 4.0% for Japanese banks in 2008. Post crisis, U.S. banks have reduced their dividend payout dramatically. As of 2015 U.S. banks' mean dividend/revenue ratio stood at 5.8%, but European banks have largely restored their pre-crisis payouts, paying dividends that average 11.1% of revenues. Japanese banks are also paying out at record levels, equal to 5.5% of total revenues in 2015. The reduced payout ratios for U.S. banks post-crisis reflect the need to raise additional capital, with retaining earnings being one of the most direct methods for accomplishing this. U.S. banks' reluctance to increase dividends to the same extent as Japanese and European banks may be a signal of a lack of confidence over the sustainability of recent increases in profits.
Banks' dividend yield (dividend/price) from 2003-2015 is also shown in Table 9 . U.S. banks' dividend yield averaged 3.7% pre-crisis, and but has averaged only 1.5% since 2010. The large reduction in dividends that begins in 2009 takes the average U.S. yield all the way down to 0.5% in 2010, after which it climbs to 2.0% in 2015, well below its pre-crisis average of 3.7%. European banks' dividend yield shows a similar but less severe pattern, averaging 3.7% in the post-crisis years, vs. an average of 4.2% pre-crisis. Japanese banks' higher payout ratios are also reflected in higher dividend yields, which only averaged 0.8% pre-crisis, but have averaged a respectable 2.9% 2010-2015.
All banks experienced profound declines in their net profit margins and return on equity during the financial crisis. Although banks' net margins have rebounded post-crisis (between 18.8%-25.8%), they remain well below their pre-crisis levels. Bank's ROE shows less of a recovery post-crisis, as banks have been required to hold more shareholder equity as part of their efforts to boost Tier 1 capital. U.S. and European banks' efficiency ratios (noninterest expense/revenue) have risen substantially post-crisis, most likely as a result of increases in regulatory requirements in the post-crisis period. Higher operating expenses have hampered profit generation for both sets of banks. Japanese banks have achieved remarkable operating efficiency in recent years, which has helped boost their net margins and ROE. U.S. banks pay a higher effective tax rate than European banks, although both sets of banks are paying lower rates since 2009. Japanese banks have paid the highest effective tax rates since 2010, averaging 31.5%. European banks have higher dividend payout ratios than Japanese and U.S. banks and higher dividend yields, despite their lower profitability.
6. Analysis of bank stock volatility
In this section, I analyze the volatility of bank stock returns for Japanese, U.S. and European banks using the generalized autoregressive conditional heteroscedasticity (GARCH) method of Engle (1982) and Bollerslev (1986) . The GARCH volatility of both sets of banks, along with Deutsche Bank (which is experiencing a borderline liquidity crisis in October 2016), are modeled using maximum likelihood estimation as shown below:
The first equation represents the mean equation, which regresses a vector of stock returns (y) on a constant term ( ) and a vector of explanatory variables (X). The error terms from the first equation ( ) are use d to model the conditional volatility of the y-variable, expressed as a function of a constant term (c), a lagged mean equation error terms ( ), and g lagged conditional variance terms ( 2 ). The best-fitting model is determined by minimizing Akaike's Information Criterion.
The analysis in sections 2-5 above shows that banks in Japan, the U.S. and Europe have not fully recovered from the financial crisis and continue to face numerous challenges, including growing revenues and restoring pre-crisis levels of profitability while managing loan portfolios that remain significantly impaired. The overall profitability and financial stability of U.S. banks is found to be superior to that of Japanese and European banks, however. Estimating the time series volatility of both sets of banks using GARCH methods allows me to test whether the effect of monthly shocks to the mean equation are contained to the particular calendar month, or if these shocks to bank stock returns are instead "spilling over" and affecting bank stock returns and volatility in subsequent months. If the ARCH ( ) and GARCH ( 2 ) terms are insignificant in the model, then shocks to the mean equation are fully contained within each calendar month. On the other hand, if the ARCH and/or GARCH terms are significant, then shocks to the time series of bank stock returns are persistent, and volatility from past periods is affecting contemporaneous volatility. The table below presents the results from estimation of Equation (1) Notes: Variables significant at the 1% or 5% levels are shown in bold. The first column of Table 10 shows that the volatility of U.S. bank stock returns contain no significant ARCH or GARCH terms. This is consistent with the conclusions of the analysis in the previous sections, which determines that U.S. banks have exhibited a more substantial recovery from the financial crisis than European banks. The second column of Table 10 shows that European bank stocks' volatility is best modeled as a function of two lagged conditional variance terms, which is consistent with the idea that European bank stocks are riskier, and that monthly shocks to the time series of European bank stock returns are spilling over and affecting volatility in subsequent months. The third column of Table 10 shows the GARCH model of best fit for Japanese banks' monthly returns. Japanese bank stock returns also contain significant GARCH terms at two lags, which also supports the idea that shocks to their monthly time series of returns are spilling over and affecting volatility in subsequent months. Overall, the GARCH analysis is consistent with the notion that European and Japanese banks continue to experience crisis-level conditions, and that any evidence that these banks have recovered from the financial crisis is fragile at best.
S Summary and conclusions.
In this paper, I compare the financial performance, growth, asset mix, risk, operational efficiency, profitability and capital holdings of the 20 largest commercial banks in Japan, the U.S. and Europe from 2003-2015. I find that the stocks of U.S.
commercial banks continued outperforming Japanese and European banks during the 2014-2015 period, but all three sets of banks underperformed their regional stock indexes from 2014-2015. Large banks in Japan, the U.S. and Europe continue to struggle to grow their total revenue post-crisis. Total revenue has declined by a full 20% for all three sets of banks since 2011. The 20 largest banks in Europe are in a multiyear downward spiral, evidenced by dramatic declines in market capitalization, the book value of loans and total assets, and the level of deposits. Japanese bank performance is stagnant compared to Europe and the U.S. Both Japanese and European banks are particularly challenged by persistently lower net interest margins compared to U.S. banks.
Japanese and U.S. banks prefer deposits as a source of funding compared with European banks, most likely because these banks pay an average rate on deposits that is significantly lower than European banks. U.S. banks' also have an earning asset yield (EAY) that is 1.5% higher than European banks and 2.4% higher than Japanese banks since 2011. Japanese, U.S. and European banks' loans/assets ratio has averaged between 46%-48% since 2009, but European banks hold a significantly higher percentage of investment and trading assets and derivative securities compared with Japanese and U.S. banks. Modeling the conditional volatility of U.S., Japanese and European banks provides evidence consistent with the idea that U.S. banks continue to exhibit a more robust post-crisis recovery, while Japanese and European banks continue to experience crisis-level conditions. Any evidence that Japanese and European banks have recovered from the financial crisis is fragile at best.
